ABSTRACT
INTRODUCTION
Intradural extramedullary tumors are infrequent central nervous system tumors that are found only in 0.3 out of 100,000 patients each year. Even with their rarity, there are many reports of these tumors in the literature.
This study examined 92 patients who were followed up for more than 1 year after the diagnosis and underwent a total excision of the IDEM tumor.
Particularly, myelography, computed tomography (CT), and MRI allow making an easy diagnosis and accurate identification of the location of a tumor in the dura mater and its dural attachment before surgery, and a drastically better surgical outcome can be expected with the use of an operating microscope. [1] [2] [3] We surgically managed with the pathological diagnosis, the preoperative medical history, and the clinical symptoms, the surgical management outcome and recurrence, the prognostic factors, and the reasons for a misdiagnosis.
MATERIALS AND METHODS
Among the patients who had been surgically treated for IDEM tumors between July 2008 and July 2016, those patients who were available for MRI reexaminations after at least 1-year follow-up period were included in this prospective study. Every patient's medical history, radiological assessment documentation, and the findings of the physical examination that were performed in an outpatient setting were investigated. There were 92 patients (92 cases; male:female = 60:32) and their mean age was 41.52 years (12-70 years) . Preoperative lower extremity ache was assessed by using a 10-point VAS. For the evaluation of the preoperative neurological function, the patients' ambulation ability was graded into five levels according to the Nurick's grading system (Table 1) . 4 For the assessment of postoperative improvement, the patients' neurological symptoms were observed during a query and the objective examinations were graded. The proportion of the mass that occupied the intradural space was investigated to find any relations and to decide the statistical significance with the preoperative symptoms and the final surgical outcome.
The proportion of tumor occupying the intradural space was calculated on the axial image showing the maximum size as follows ( Fig. 1): [(the transverse width of the tumor mass + the longitudinal width of the tumor mass)/(the transverse width of the intradural space + the longitudinal width of the intradural space)] × 100. The analysis of recurrence was based on the MRI scans that were performed at the last follow-up. The SPSS ver. 22 was used for statistical analysis and the Spearman correlation test and paired Student's t-test were performed. In our study, we included only non-dumbbell-shaped with no extracanalicular extended nerve sheath tumors so these groups of tumors were excised completely with only posterior approach with preservation of facet. 22 Laminectomy with preservation of facet and tumor resection was performed through a posterior approach in all cases because of all tumors of study group situated posteriorly with no extracanalicular extension. Excisions were performed in all cases.
A complete excision was made, when a nerve fiber was attached to a tumor, and a nerve stimulator was used to determine if it was a sensory or motor nerve branch. The sensory nerve branch was excised while the motor nerve branch was preserved through careful detachment and then finished the excision of the IDEM tumors between the nearby ordinary structures and the tumor.
Nerve root scarification was required mostly in nerve sheath tumor in 48 cases , 26 nerve sheath tumors were situated in dorsal region and 16 tumors situated in cervical region; we did dorsal nerve root excision in only 10 cases; all were situated in dorsal region, and we excised all tumor completely so only two patients had recurrences. Closure of the dura mater was performed with Vicryl 4-0 RB in all cases. Negative pressure drainage was performed in all the cases.
The drain was removed on the 2nd postoperative day and gait training was started on the 5th postoperative day. Results: The pathological diagnoses included 48 cases of nerve sheath tumors (52.1%), 28 cases of meningioma (30.4%), and 10 cases of arachnoid cyst (10.86%), 1 case of benign cystic teratoma (1.086%), 2 cases of Tarlov cyst (2.1%), and 3 cases of metastasis (3.26%). There were two cases of recurrence of schwannomas.
As observed on the sagittal plane images, 16 tumors were situated in the cervical spine (17.39%), 64 in the thoracic spine (69.56%), and 12 in the lumbar spine (13.04%) ( Table 2 ). The percentage of mass occupying 
SYMPTOMS
The mean duration of symptoms was 23.47 months (1-60 months) and the mean postoperative follow-up period was 40.27. Months (6-96 months). The most common symptoms were lower extremity ache and numbness, which were observed in 91.30% cases 9 ( Table 2 ). The symptoms tended to be augmented during walking relatively than during bed rest and sitting. Motor weakness was also observed in 21 patients (91.30%), sensory disturbance in 18 patients (78.26%), and sphincter involvement in 7 patients (30.43%). All the case symptoms were better postoperatively. The VAS score decreased in all the cases from an average of 7.56 ± 0.727 (6) (7) (8) (9) preoperatively to an average of 1.30 ± 0.470 (1-2) at the last follow-up (p = 0.001). The average Nurick's grade improved from 3.69 ± 0.926 (2-5) preoperatively to 1.34 ± 0.572 (1-3) at the last follow-up (p = 0.001) ( Table 3) .
The preoperative symptoms measured by the VAS and the Nurick's grading system were extremely associated with the proportion of the mass occupying the intradural space. However, no statistically significant association or difference was found between the preoperative symptoms and the duration of symptoms and (Table 4) . A significant improvement in symptoms was obtained in all the cases after surgery.
Duraplasty using a fat with fibrin glue was performed in two cases with a pseudomeningocele as a complication at the 15th postoperative day. There was no deterioration of the neurological symptoms after surgery. Signs of instability were not observed in the cases of laminectomy with facet preservation without spinal fusion. easy to register a large enough study population to assess a surgical procedure for treating such tumors. Meningiomas account for 25 to 46% of all primary intraspinal neoplasms and spinal meningioma are only 7.5 to 12.5% of all meningiomas because most meningiomas are found in the brain. 5 Spinal meningioma is frequently located in the thoracic region and they are more common in females, which is most probably due to the influence of female hormones. 5 With look up to the management of the dural attachment of a meningioma, there are three common procedures: (1) Some portion of the dura mater is resected with the tumor to excise any remaining tumor cells and then duraplasty is performed, (2) some of the internal dura mater is peeled off and the rest of it is sutured, or (3) the dural attachment is cauterized. 6 In this study, the closures were performed without added procedures because all the tumors were easily divided from the dura mater and no recurrence was observed at the last follow-up. With regard to the patient with multiple schwannomas, the 6-year preoperative medical history showed that the Nurick's grade changed from 1 to 2 over the period and the tumor size on the sagittal MRI images increased 2.38% per year at the level of T12 and 12.96% per year at the level of L3, which is contrary to the previous studies that described these schwannomas as benign, slowgrowing tumors. 7 Most authors have emphasized that the protection of nerve roots compromises achieving complete tumor removal. [8] [9] [10] Yet, according to Kim et al, 11 only 23% of the total removal of schwannomas with functionally important nerve roots resulted in the development of neurological symptoms (not severe ones) because the nerve roots involved in the tumors had already become dysfunctional. In our study, a complete excision was made, and when a nerve fiber was attached to a tumor, a nerve stimulator was used to determine if it was a sensory or motor nerve branch. The sensory nerve branch was excised while the motor nerve branch was preserved through careful detachment and then we finished the excision of the IDEM tumors between the nearby ordinary structures. In our study, a posterior approach was used in all the cases regardless of the location of a tumor in and relative to the spinal cord.
According to the literature, 31% of the tumors are located ventral to the spinal cord 12 and Slin'ko and AlQashqish 13 claimed that an extreme lateral or an anterior approach was necessary for the removal of these tumors. However, extreme lateral approaches require spinal fusion due to the removal of the lamina and the facet joint, and the anterior approaches are difficult to use due to the epidural venous bleeding, the limited field of view and the removal of several vertebral bodies. Spinal cord tumors have usually been excised through total laminectomy, and this method is still used widely. 14 Seppala et al 15 analyzed 187 patients who had total laminectomy for spinal cord tumors and reported satisfactory prognoses. However, total laminectomy may cause spinal instability and kyphosis due to the damage to the musculoligamentous structures and posterior bony elements. And these complications may produce neurologic symptoms by compressing the spinal cord or nerve roots. In order to prevent such complications, a total laminectomy with arthrodesis or a unilateral limited laminectomy, which was reported to be useful by Yasargil et al 16 and Sim et al, 17 often has to be performed.
In this study, we describe our experiences in the use of unilateral limited laminectomy to intraduralextramedullary spinal cord tumors, along with a review of the literature. In this current study, a laminectomy of the bilateral facet joints without spinal fusion was performed and patients did not have any of the abovementioned complications. But dumbbell-shaped and extracanalicular neuroma's surgical strategy is different. Asazuma et al 18 reported a new system to identify optimal surgical strategies for cervical dumbbell-shaped spinal neurinomas classified based on their shape and three-dimensional location on diagnostic MRI. 19 Their categorization includes nine main axially determined groups. This categorization is based on the anatomical landmarks, such as dura mater and intervertebral foramen. The C1 and C2 vertebral body has no intervertebral foramina. Therefore, this is used for identification of optimal surgical strategy for cervical dumbbell-shaped spinal neurinomas located below the C3 region. Surgical strategy for cervical non-dumbbell-shaped spinal neurinomas in the intradural region is different from tumors that are small, and intradural can be approached posteriorly and do laminectomy without facetectomy and spinal instrumentation. This approach can be utilized with laminoplasty hemilaminectomy to prevent postoperative subcutaneous fluid collection caused by CSF leakage, kyphotic deformity, and infection.
On the contrary, ventrally located tumors may require partial facetectomy. 20 Ito et al 21 series showed that subtotal excision of dumbbell-shaped neurinomas using a posterior approach is a safer, more successful, and more minimally invasive treatment. In this study, the degree of preoperative neurological symptoms was not linked with the duration of symptoms, the location of a tumor, or the relative location of a tumor to the spinal cord. However, the preoperative neurological symptoms measured by the VAS and the Nurick's grading system were significantly related to the proportion of tumor mass occupying the intradural space. Our study is similar to Ahn et al, 22 but our study has prospective study group with huge sample size with prolonged follow-up with minimal recurrence and postoperative complications with strong statistical analysis which make a major difference to our study. Another large study of IDEM by Byvaltsev et al 23 retrospectively investigated the clinical appearance and results of patients with spinal IDEM tumors. A total of 97 consecutive patients were evaluated including the waiting period before surgery, neurological symptoms including motor, sensory, urinary, and rectal dysfunction, modified McCormick scale, Macnab's outcome assessment of patient satisfaction, surgical procedure, tumor location, and histological diagnosis. Surgical outcomes were not influenced by tumor location, extent of lamina resection, or histological diagnosis, but there was a correlation between greater patient improvement and a shorter waiting period before surgery. As such, the authors recommend early total resection for symptomatic spinal IDEM tumors. 23 According to el-Mahdy et al, 2 the postoperative recurrence rate of IDEM tumors was 16%. According to Asazuma et al, 8 the recurrence rate of intraspinal neoplasms was 7.2 and 46% of recurrent masses were IDEM spinal tumors, which recur more commonly than other intraspinal tumors. They also reported that the ventral location of a tumor, extradural invasion, neurogenic tumors, and ependymomas were the risk factors for recurrence. According to the study on the treatment of ependymomas by Klekamp and Samii, 24 the recurrence rate was 29.5% at 5 years after complete resection, and this rate was higher than that of other tumors. We believed incomplete removal of the dura mater, which is the origin of the tumor, caused the high rate of recurrence of meningioma. In this study, the recurrence rate was found to be 2.17%. However, it is our understanding that our obtained recurrence rate is not reliable because the mean followup period (40.27 months) was little short and various pathological findings were included.
Earlier than the beginning of MRI, spinal cord tumors were often misdiagnosed as multiple sclerosis, syringomyelia, or a herniated nucleus pulposus. 25 The recent development of radiological examinations has helped to avoid such misdiagnoses, according to Shin et al. 26 While some authors reported that pedicle erosion, vertebral body erosion, foraminal widening, neural foramen widening, and scoliosis were found on plain radiographs in approximately 38 to 56% of patients with an IDEM tumor, 27 normal findings were observed in 80 cases except for 12 cases of neural foraminal widening. Recently, MRI was regarded as being a helpful tool with regard to tumors: In assessing the size, shape, and anatomical relations with the adjacent structures, particularly with the dura mater and spinal cord; and in determining the basic treatment guidelines and surgical approaches by allowing early detection of a metastatic tumor. 28 The degree of preoperative symptoms was linked with the proportion of tumor mass occupying the intradural space. Postoperatively, remarkable improvements in neurological deficits were achieved regardless of the proportion of tumor mass occupying the intradural space, the degree of preoperative symptoms and the duration of symptoms. Therefore, surgical treatment is also recommended for spinal IDEM tumors with prolonged or severe neurological symptoms.
For making the diagnosis of IDEM tumors, taking a detailed history, a through physical examination and performing MRI scans on the proximal regions are suggested because the symptoms of IDEM tumors can be like those of lumbar herniated nucleus pulposus and spinal stenosis.
CONCLUSION
The IDEM tumors detected by MRI are mostly benign and good clinical outcome can be obtained when managed surgically. The extent of neurologic symptoms was correlated with the proportion of mass occupying the intradural space. All the tumors were able to be removed through the posterior approach. The postoperative neurologic recovery was outstanding in all the cases regardless of any condition. Therefore, aggressive surgical excision is recommended even for cases with a long duration of symptoms or a severe neurologic deficit.
